In this paper, a variable-coefficient symbolic computation approach is proposed to solve the multiple rogue wave solutions of nonlinear equation with variable coefficients. As an application, a (2+1)-dimensional variablecoefficient Kadomtsev-Petviashvili equation is investigated. The multiple rogue wave solutions are obtained and their dynamics features are shown in some 3D and contour plots.
Introduction
In this paper, the following (2+1)-dimensional variable-coefficient Kadomtsev-Petviashvili (vcKP) equation is investigated [1] α(t)u 2
x + α(t)uu xx + β(t)u xxxx − γ(t)u yy + u xt = 0,
where u = u(x, y, t) describes amplitude of the long wave of two-dimensional fluid domain on varying topography or in turbulent ow over a sloping bottom. α(t), β(t) and γ(t) are arbitrary real functions. The solitonic solution [1] , Wronskian and Gramian solutions [2] , Bäcklund transformation [3] , breather wave solutions [4] , lump and interactions solutions [5, 6] of Eq. (1) have been studied. Rogue wave has important applications in ocean's waves [7] , optical fibers [8] , Bose-Einstein condensates [9] and other fields. Rogue wave solutions of many integrable equations have been investigated [10] [11] [12] [13] [14] . Recently, a symbolic computation approach to obtain the multiple rogue wave solutions is proposed by Zhaqilao [15] . But the main application of this method is constant-coefficient integrable equation [16] [17] [18] , which is not suitable for variable-coefficient integrable equation. So, we give an improved method named variable-coefficient symbolic computation approach (vcsca) to solve this problem and apply this method to Eq. (1), which will be the main work of our paper.
The organization of this paper is as follows. Section 2 proposes a vcsca; Section 3 gives the 1-rogue wave solutions; Section 4 obtains the 3-rogue wave solutions; Section 5 presents the 6-rogue wave solutions; Section 6 gives this conclusions.
Modified symbolic computation approach
Here, we present a vcsca to find the multiple rogue wave solutions of variable coefficient integrable equation
Step1. Instead of the traveling wave transformation in Ref. [15] , we make a non-traveling wave transformation υ = x − ω(t) in the following nonlinear system with variable coefficients Ξ(u, u t , u x , u y , u xy , · · ·) = 0,
Eq. (2) is reduced to a (1+1)-dimensional equation Ξ(u, u υ , u y , u υy , · · ·) = 0.
Step2. By Painlevé analysis, we make the following transformation u(υ, y) = ∂ n ∂υ m lnξ(υ, y).
m can be derived by balancing the order of the highest derivative term and nonlinear term.
Step3. Assuming
with F n (υ, y) = n(n+1)/2 k=0 k i=0 a n(n+1)−2k,2i y 2i υ n(n+1)−2k ,
where a m,l , b m,l and c m,l (m, l ∈ [0, 2, 4, · · · , n(n + 1)]) are unknown constants, µ and ν are the wave center.
Step4. Substituting Eq. (4) and Eq. (5) into Eq. (3) and equating all the coefficients of the different powers of υ and y to zero, we can know a m,l , b m,l and c m,l (m, l ∈ [0, 2, 4, · · · , n(n + 1)]). The corresponding multiple rogue wave solutions can be presented.
1-rogue wave solutions
Based on the vcsca, set
Eq. (1) can be changed as
According to Eq. (5), we have
where µ, ν, ζ 0 and ζ 1 are unknown real constants. Substituting Eq. (8) into Eq. (7) and equating the coefficients of all powers υ and y to zero, we obtain
Substituting Eq. (8) and Eq. (9) into Eq. (6), the 1-rogue wave solutions for Eq. (1) can be read as
When ζ 0 > 0, rogue wave (10) has three extreme value points (µ, ν), (µ ± √ 3 √ ζ 0 , ν). When ζ 0 < 0, ζ 1 > 0, rogue wave (10) has three extreme value
). Fig. 1 
3-rogue wave solutions
In order to look for the 3-rogue wave solutions, we set
where ζ i (i = 10, · · · , 24) is unknown real constant. Substituting Eq. (11) into Eq. (7) and equating the coefficients of all powers υ and y to zero, we get 
where ζ 11 , ζ 13 , ζ 21 
where ζ i (i = 25, · · · , 69) is unknown real constant. Substituting Eq. (14) into Eq. (7) and equating the coefficients of all powers υ and y to zero, we obtain 
where ξ satisfies Eq. (14) 
Conclusion
In the paper, a variable-coefficient symbolic computation approach is proposed. The main difference between this method and the previous one in Ref. [15] is that we replace the traveling wave transformation with the non-traveling wave transformation, making it suitable for solving the multiple rogue wave solution of the nonlinear system with variable coefficients. This change has not been seen in other literatures. Applied the vcsca to the (2+1)-dimensional vcKP equation, the 1-rogue wave solutions, 3-rogue wave solutions and 6-rogue wave solutions are present. By setting different values of (µ, ν), their dynamics features are displayed in Figs. 1-10 . All the obtained solutions have been verified to be correct.
Substituting υ = x − ω(t) in rogue wave solution (10), we have
When variable-coefficient β(t) chooses different function, the rogue wave (17) shows different dynamics features in Fig. 11 . In addition to this (2+1)-dimensional vcKP equation, this vcsca can also be applied to the (3+1)-dimensional generalized KP equation with variable coefficients [19] , the generalized (3 + 1)-dimensional variable-coefficient nonlinear-wave equation [20] based on the symbolic computation [21] [22] [23] [24] [25] [26] .
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